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Radioprotective effect of montelukast sodium against hepatic
radioiodine (*'I) toxicity: A histopathological investigation in the rat
model
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Summary: Radioactive iodine (1311) is a known radionuclide which is used both for diagnostic and therapeutic purposes in the
treatment of hyperthyroidism and thyroid cancer. Montelukast sodium (Cysteinyl leukotriene receptor-1 antagonist) is also a well-
known antioxidant drug. This study aimed to evaluate the histopathological changes in rat livers at the third month following *'I
treatment and the radioprotective effect of Montelukast sodium (ML) against '*'I-related liver damage. Thirty female Wistar Albino
rats were randomly divided into three groups as control group (n=10), untreated rats; second (RAI) group (n=10), oral radioiodine
(111 MBq) administrated rats, and third (ML) group (n=10), oral radioiodine and ML administrated rats. In the third group, ML
administration was started 3 days before and ended 10 days after RAI administration. In the third month of radioiodine (RAI)
administration, the animals were decapitated and the livers were removed for histopathological examination. The histopathologic
data were evaluated comparatively by using Mann Whitney U and Fisher’s Exact Tests Differences were determined in all the
parameters in terms of intensity between the control and "*'I groups, which showed the harmful effects of "'I. In the comparison of
the *'I and ML groups, hyperemia was determined respectively 80% to 40%, the presence of inflammatory cells 70% to 60% and
capsule thickening 70% to 40%. Montelukast sodium was observed to have a protective effect especially on hyperemia and capsule
thickening. According to the study results, radioactive iodine ("*'I) treatment seems to cause morphological damage to the rat liver,
and Montelukast sodium effectively protects the liver against damage.
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Karacigerde radyoiodin (“*'i) toksisitesine kars1 montelukast sodyumun radyoprotektif etkisi: Rat
modelinde histopatolojik incelemeler

Ozet: Radyoaktif iyot ("*'T) hipertiroidizm ve tiroid kanserlerinin tam ve tedavisi amaciyla kullanilan bir radyoniikliddir.
Montelukast sodyum (Cysteinyl leukotriene receptor-1 inhibitoril) ise antioksidan olarak bilinen bir ilagtir. Bu ¢aligma ile rat
karacigerinde radyoiodinden (RAI) kaynaklanan radyasyon hasarma karst Montelukast sodyumun (ML) radyoprotektif etkisinin
histopatolojik olarak degerlendirilmesi amaglandi. Calismada 30 adet disi Wistar Albino rat kullanildi ve bunlar rastgele ii¢ gruba
ayrildi; birinci grubu higbir isleme tabi tutulmayan kontrol grubu (n=10), ikinci (RAI) grubu, (n=10), oral olarak RAI (111 MBq)
uygulanan ratlar, {igiincii (ML) grubunu ise (n=10) oral olarak RAI ve ML uygulanan grup olusturdu. Uciincii ¢alisma grubunda ML
uygulamas1 RAI uygulamasindan 3 giin énce baslatildi ve 10 giin sonra bitirildi. Ugiincii ay sonunda nekropsileri yapilan ratlarin
karaciger doku &rnekleri rutin doku takibine alinarak histopatolojik olarak incelendi. Radyoiodin ve ML grubunda tiim histopatolojik
bulgular Mann Whitney U testi ve Fisher’in ekzak test ile karsilagtirilarak degerlendirildi. Biitiin parametreler agisindan, RAT’un
zararl etkisini gosterecek sekilde, kontrol ve RAI grubu arasinda insidans agisindan farklilik vardi. Radyoiodin ve ML grubunun
karsilastirmasinda, parametrelerin insidanst hiperemi agisindan sirasiyla %80°e %40, inflamatuar hiicre varligi %70’e %60, kapsiil
kalinlagmas1 %70’e %40 idi. Montelukastin &zellikle hiperemi ve kapsiil kalinlasmas1 agisindan koruyucu etkisi oldugu goriildii.
Montelukast sodyumun RAI tedavisi sonrasi karacigerde dzellikle hiperemi ve kapsiil kalinlasmasi iizerine parsiyel radyoprotektif
etkisi oldugu belirlendi.

Anahtar sdzciikler: fodine-131, histopatoloji, karaciger, montelukast sodyum, rat.

Introduction or active nodules and ablation, recurrences or metastases
Radioactive iodine ("*'I) therapy is widely used in of differentiated thyroid cancer in cats, dogs and humans
the treatment of hyperthyroidism due to Graves’ disease (3, 14, 18, 24). 'l therapy has been used for the ablation
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of well-differentiated thyroid carcinoma for more than
six decades (21). This therapy is a rapid, stress-free,
highly effective and simple for cats, dogs and people
with hyperthyroidism (14, 25). Nonetheless, treatment
with "'T dose requires nuclear medicine equipment,
special licensing and hospitalization facilities (25).
Another disadvantage of this therapy is the multiple
doses required to maintain therapeutic levels (18).

The dose of administered "'I activity changes
according to the thyroid disease, age, gender and clinical
experience. High doses of "*'I are used to ablate remmant
thyroid tissue after thyroidectomy, and "'I avid
metastases of differentiated thyroid cancer. However,
some cats, dogs and humans may develop side effects
such as, dysphagia, vomiting, thyroiditis, hypothyroidism
and renal disease during treatment at higher doses "*'I (3,
11, 24, 25).

Both beta minus, which is used for the treatment,
and gamma rays, which are used for diagnosis, are
emitted by 'I (26). Beta rays especially cause harmful
effects. After oral ingestion of "*'I, it is absorbed via the
stomach and intestines, then passes to the liver and
systemic circulation via the portal vein. Retention of
iodide in the thyroid depends on the metabolic activity of
the thyrocytes and it is assumed that 30% of iodine is
trapped by the thyroid (32). However, the thyroid gland
in a variety of nonthyroidal tissue has weak iodide uptake
(8, 10). Diffuse hepatic uptake may be seen due to
residual or metastatic thyroid tissues, but factors other
than functional thyroid tissue may also cause diffuse
hepatic uptake (22). There have been several reports on
the effects of drugs such as pilocarpine (28), amifostine
(7, 9), vitamin C (19) and vitamin E (1, 6) for the
prevention of "*'I-related tissue damage. There has been
only one study in literature about the protective effect of
Cysteinyl leukotriene receptor-1 (montelukast sodium).
The leukotriene concentrations in lacrimal or any other
radioidine-treated tissue are not present in the literature,
it is possible that ML, as a leukotriene antagonist, has an
additional protective action by inhibiting possible early
neutrophilic inflammation. ML probably prevents
inflammation by blocking the cysteinyl leukotriene
receptor type 1, which is found in neutrophils. ML has
been shown to down-regulate the human monocyte
chemotaxins and to inhibit production of tumor necrosis
factor-alpha (TNF- o) and monocytechemotactic protein-
1 (17, 31). In another study, it has been reported that ML
depressed the TNF- o response in sepsis-induced ileal
and hepatic injury in rats (17, 27). Koca et al. (17)
recently reported that montelukast effectively protects
against *'T induced damage to lacrimal glands. The aim
of this study was to investigate "*'I-induced liver changes
and the radioprotective effects of montelukast sodium
(ML) in rat livers.

Material and Methods

Animals: This study was conducted with the
approval of the Local Ethics Committee of Animal
Experiments at Ankara Training and Research Hospital
(03.05.2012/0008-099). All procedures were carried out
in compliance with the relevant national laws relating to
the conduct of animal experimentation.

This study was conducted on 30 female Wistar
Albino rats aged 4-6 months and weighing 225-275 gr.
The rats were acclimatised for at least 1 week before the
study and were housed for three months under standard
laboratory conditions at a constant temperature of
2142°C and relative humidity of 65-70% with a 12-hour
light and dark cycle in polypropylene cages using
disposable absorbent cloths under sterile paddy husks to
avoid contamination from radioactive urine. The animals
were fed with standard chow and water ad libitum
throughout the three months of the experiment.

Experimental design: The animals were randomly
assigned to one of three groups of 10 rats in each. The
first group was the control group, which received no "'l
therapy or ML. The rats in the second group (**'I group,
n=10) were treated with oral *'I (111 MBq). The rats in
the third group (ML group, n=10) were treated with
intraperitoneal (ip) ML as a radioprotective agent.
Radioiodine ~ (MON-IYOT-131 Eczacibasi/Monrol
Niikleer Uriinler Sanayi ve Ticaret Anonim Sirketi
Gebze, Kocaeli, Tiirkiye) was applied at 111 MBq (3
mCi) after replacing nasogastric sondage to the rats in
Groups 2 and 3. Montelukast sodium (Singulair, Merck
Sharp & Dohme, Istanbul, Turkey) was started three days
before the *'T administration and continued for 10 days
at a dosage of 10 mg/kg/day orally in Group 3. In the
third month of "'I administration, the animals were
anesthetized with 50 mg/kg, i.p. Propofol (Abbott
Laboratuvart Anonim Sirketi, Istanbul, Turkey) and then
decapitated. The liver was removed from each animal
(Figure 1).

Histopathological evaluation: Tissue samples were
fixed in 10% buffered formaldehyde, subjected to the
routine pathology processes, and embedded in parafin.
Tissue sections with 5 um thickness were stained with
the Haematoxylin-Eosin (HE) and examined with a light
microscope. Pathological samples were evaluated for
hyperemia, steatosis, cellular changes, bile duct
proliferation, fibrosis, venous lesions, capsule thickening
and granuloma formation and were classified into four
grades as Grade 0: absent, Grade 1: mild, Grade 2:
severe, Grade 3: very The presence of
inflammatory cells was classified into four grades as
absent, few, severe and very severe.

Data analysis: Data analysis was performed using
Statistical Package for Social Sciences for Windows
software (SPSS version 17.0, SPSS Inc. Chicago, USA).

severe.
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All of the variables were categorical. Descriptive
statistics were expressed as numbers and frequency (%).
Comparisons between two groups were carried out with
the Mann Whitney U test and Fisher’s exact test for all
histopathological parameters. A p value of <0.05 was
considered statistically significant.

Results

In macroscopic appearance, on the surface of liver
diffuse and different shape grayish granulomas were seen
(Figure 1). In microscopical examination; a difference
was determined in terms of intensity between the control
and "'T groups for all the parameters. The comparative
results were as follows: fibrosis (10% to 50%),
granuloma formation (0% to 80%), cellular changes
(10% to 60%), hyperemia (20% to 80%), presence of
inflammatory cells (10% to 70%), capsule thickening
(0% to 70%), steatosis (30% to 60%), biliary duct
proliferation (0% to 50%) and venous lesions (0% to
40%) (Figure 2A-D). There was no significant difference

Figure 1. Multifocal granulomas on the liver.
Sekil 1. Karacigerde multifokal granulomlar.

Figure 2. Group of radioiodine. A- Granuloma pattern (star), large nucleated cells (black arrowhead), small nucleated cells (red
arrowhead), dual-core pattern (arrow), HXE, x400. B- Large granuloma pattern, HXE, x400. C- Fibrose capsula arround of granuloma
(thin arrow), multinucleated giant cells (arrow), HXE, x400. D- Perivascular fibrosis (arrow) and perivascular infiltration
(arrowhead), HXE, x400.

Sekil 2. Radyoiyot grubu. A- Granulom yapisi (yildiz), makroniikleus (siyah okbast), mikroniikleus (kirmizi okbast), cift ¢cekirdekli
hiicre (ok), HXE, x400. B- Cevresinden sinirlt biiyiik granulom, HXE, x400. C- Granulom ¢evresini saran fibroz kapsiil (ince ok), ¢ok
¢ekirdekli dev hiicre (ok), HXE, x400. D- Perivaskiiler fibrozis (ok) ve yangisal hiicre infiltrasyonu (okbas1), HXE, x400.
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Table 1: Grading of histopathological characteristics among of the groups.
Tablo 1: Gruplar arasindaki histopatolojik bulgularin derecelendirilmesi.

Group 1 Group 2 Group 3
. . o Control Group Radioidine Group Montelukast Group
Histopathological characteristics (n=10) (n=10) (n=10)
n (%) n (%) n (%)
Hyperemia
Grade 0: no hyperemia 8 (80) 2 (20) 6 (60)
Grade 1: mild hyperemia 2 (20) 6 (60) 3(30)
Grade 2: severe hyperemia 0 (0) 1(10) 1(10)
Grade 3: very severe hyperemia 0(0) 1(10) 0(0)
Presence of inflammatory cells
Grade 0: absent 9 (90) 3 (30) 4 (40)
Grade 1: few inflammatory cells 1(10) 5(50) 4 (40)
Grade 2: severe inflammatory cells 0(0) 2 (20) 2 (20)
Grade 3: very severe inflammatory cells 0 (0) 0(0) 0(0)
Steatosis (Microvesicular)
Grade 0: absent 7 (70) 4 (40) 6 (60)
Grade 1: mild steatosis 3 (30) 3 (30) 2 (20)
Grade 2: severe steatosis 0(0) 3 (30) 2 (20)
Grade 3: very severe steatosis 0(0) 0(0) 0(0)
Cellular Changes (Multiple Nucleus)
Grade 0: absent 9 (90) 4 (40) 6 (60)
Grade 1: mild cellular changes 1(10) 3 (30) 2 (20)
Grade 2: severe cellular changes 0(0) 3 (30) 2 (20)
Grade 3: very severe cellular changes 0 (0) 0(0) 0(0)
Bile Duct Proliferation
Grade 0: absent 10 (100) 5(50) 5(50)
Grade 1: mild proliferation 0(0) 5(50) 3 (30)
Grade 2: severe proliferation 0(0) 0(0) 2 (20)
Grade 3: very severe proliferation 0(0) 0(0) 0(0)
Fibrosis
Grade 0: absent 9 (90) 5(50) 7 (70)
Grade 1: mild fibrosis 1(10) 2 (20) 3 (30)
Grade 2: severe fibrosis 0(0) 2 (20) 0(0)
Grade 3: very severe fibrosis 0(0) 1(10 0(0)
Venous Lesions
Grade 0: absent 10 (100) 6 (60) 6 (60)
Grade 1: mild lesions 0(0) 4 (40) 4 (40)
Grade 2: severe lesions 0(0) 0 (05) 0(0)
Grade 3: very severe lesions 0(0) 0(0) 0(0)
Capsule thickening
Grade 0: absent 10 (100) 3 (30) 6 (60)
Grade 1: mild thickening 0(0) 3(30) 2(20)
Grade 2: severe thickening 0(0) 3 (30) 2 (20)
Grade 3: very severe thickening 0(0) 1(10) 0(0)
Granuloma formation
Grade 0: absent 10 (100) 2 (20) 5(50)
Grade 1: mild granuloma formation 0 (0) 3 (30) 5(50)
Grade 2: severe granuloma formation 0(0) 4 (40) 0 (0)
Grade 3: very severe granuloma formation 0(0) 1(10) 0(0)
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between the control and ML groups for fibrosis (10% to
20%), hyperemia (20% to 40%) and steatosis (30% to
40%), whereas the difference was more than double for
granuloma formation (0% to 50%), cellular changes
(10% to 40%), presence of inflammatory cells (10% to
60%), capsule thickening (0% to 40%), biliary duct
proliferation (0% to 50%) and venous lesions (0% to
40%) (Table 1). There was a statistically significant
difference in hyperemia, the presence of inflammatory
cells, capsule thickening, biliary duct proliferation and
granuloma formation between the '*'T and control groups
(p<0.05) (Figure 3A-D). Biliary duct proliferation and
granuloma formation was statistically significantly

different between control and ML groups (p<0.05).

These results indicated that ML has a protective effect on
hyperemia, the presence of inflammatory cells and
capsule thickening. In the comparison of the *'I and ML
groups for the intensity of the parameters, distributions
were determined as 80% to 40% for hyperemia, 70% to
%60 for the presence of inflammatory cells and 70% to
40% for capsule thickening, respectively.

Discussion and Conclusion
Large scale and whole body ionizing radiation
causes multiple organ dysfunctions by the reactive
oxygen species that cause an increase in cellular
oxidative stress. This induces the damage to DNA, lipids,
proteins and membranes (13). Ionizing radiation causes

Figure 3. The pathological changes are more less prominent in the montelukast group than in the radioiodine group. A- Decreased
granuloma pattern (arrow), perivascular infiltration (arrowhead), HXE, x400. B- Decreased granuloma pattern (arrows), HxE, x200.
C- Mild perivascular fibrosis (arrow) and infiltration (thin arrow), HXE, x400. D- Mild perivascular infiltration (arrow) and large

nucleated cell (arrowhead), HXE, x400.

Sekil 3. Radyoiyot grubuna gore daha hafif patalojik bulgular goériillen montelukast sodium grubu. A- Gerilemis granulom (ok),
perivaskiiler hiicre infiltrasyonu (okbasi), HXE, x400. B- Gerilemis granulomlar (oklar), HXE, x200. C- Hafif perivaskiiler fibrosis
(ok) ve infiltrasyon (ince ok), HXE, x400. D- Hafif perivaskiiler hiicre infiltrasyonu (ok) ve makroniikleus (okbasi), HXE, x400.
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an imbalance between the pro-oxidants and antioxidants
(15). Antioxidant treatment may delay and prevent the
damage of ionizing radiation (13). DNA synthesis
decreases after radiation. The level of the decrease
depends on the size of the dose and the stage of the
regeneration. A smaller dose of radiation during the
relatively sensitive presynthetic interval is enough to
reduce DNA synthesis (2). Koca et al. (16) described
RAI-induced changes in rat lacrimal glands during the
third month. RAI treatment leads to a decrease in
peripheral basophilia and scanty cytoplasm, acinar
atrophy and fibrosis, ductal abnormality and lipofuscin
accumulation. In the current study, radiation caused
cellular changes, hyperemia, fibrosis, granuloma
formation, the presence of inflammatory cells, capsule
thickening, steatosis, biliary duct proliferation and
venous lesions in the liver as harmful effects.

The liver has many vital functions such as
synthesis, storage, secretion, transformation, breakdown
and detoxification. The protection of the liver should be
an important issue for patients undergoing ionizing
radiation (29). The greatest cause of cellular damage is
lipid peroxidation (LPO). An increase in radiation dose
increases LPO in rat liver mitochondri and microsomes
(30). Occasionally, foci of inflammatory cells and
microvascular steatosis are seen in rat livers which have
received RT (12). Many kinds of synthetic or natural
drugs have been used, such as antioxidants,
cytoprotective agents, angiotensin converting enzyme
inhibitors, angiotensin-II type-1 receptor antegonists,
immunmodulators, prostaglangins, and vitamins A, C, E
to diminish the damage of the radiation (4). However,
none of these drugs have the properties of an ideal
radioprotective agent. Therefore, in this study,
montelukast sodium was investigated as an alternative
agent for the protection of the liver from radiation.

Koca et al. (17) recently showed that RAI treatment
causes morphological damage to rat lacrimal glands, and
montelukast sodium effectively protects lacrimal glands
against the damage of the treatment. Acar et al. (1)
described RAI-induced changes in rat lacrimal glands
after oral RAI administration and the effect of vitamin E
in preventing these probable changes. According to the
results of the current study, histopathological
examinations revealed that ML protects rat liver against
radioiodine related liver damage.

Beytur et al. showed the protective effect of ML
against the side effects of cisplatin including testicular,
spermatological, and hormonal damage in rats (5).
Mohamadin et al. studied the protective effect of ML on
the Escherichia coli lipopolysaccharides (LPS)-induced
oxidative stress in rat livers. Montelukast sodium
suppressed the release of inflammatory cytokines and
enhanced the enzymatic antioxidant activities (20).
Ozkan et al. reported the anti-inflammatory and

antioxidant protective effects of ML in liver injury due to
ischemia-reperfusion (23). In this study, the plasma cells
were significantly lower in the ML group than in the RAI
group in the liver tissue, while the groups were similar
regarding the polymorphonuclear cells and lymphocytes
in liver. Koca et al. used ML for the protection of
lacrimal (17) and salivary glands (16) from radiation
damage. In both studies ML was found to be effective
against radiation damage. According to the results of the
current study, histopathological examinations revealed
that ML protects rat liver against radioiodine-related liver
damage. The presence of hyperemia and capsule
thickening was significantly less frequent in the liver of
ML-protected rats.

Radiation affects the liver and may be important
especially in the patients with liver disease. To the best
of our knowledge, this is the first study to evaluate the
radioprotective effects of ML on the liver. In this study,
there was a difference between the "*'I group and the ML
group in respect of hyperemia and capsule thickening and
little difference was determined between the groups
compared to previous studies with ML for the other
parameters especially the presence of inflammatory cells,
steatosis, cellular changes, bile duct proliferation,
fibrosis, venous lesions, thickening of the capsule and
granuloma formation. In conclusion, Montelukast sodium
seems to have a partially radioprotective effect on the
liver after "' therapy, especially in respect of hyperemia
and capsule thickening.
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